To evaluate genital and extragenital somatic sensory system in diabetic women using biothesiometry and investigate the relation with sexual dysfunction. A total of 30 diabetic women and 20 normal sexually active women as a control group were evaluated with a detailed medical and sexual history including Index of Female Sexual Function (IFSF) questionnaire. Somatic sensory system of all women enrolled to the study was assessed by biothesiometry and threshold sensory values of nine genital sites and 14 extragenital sites were analyzed. The IFSF score in diabetic women was 23.6 while it was 38.3 in the control group (o0.0005). For each genital as well as extragenital sites, the mean biothesiometric values were significantly higher in diabetics. The sensation of introitus vagina, labium minora and clitoris were found to be the most deteriorated genital sites in diabetic women. The difference between diabetic women with or without female sexual dysfunction (FSD) was not significant for biothesiometric values. Our data indicate that, somatic sensory system is affected by diabetes however sexual dysfunction does not always manifest.
Introduction
Neurologic pathologies cause sexual dysfunction both in men and women. However, sexual dysfunction in women because of neurologic factors is generally unexplored and probably underdiagnosed. Many neurologic disorders, such as autonomic and peripheral neuropathy observed in diabetes mellitus, multiple sclerosis and lumbar radiculopathy, can cause abnormal innervation to female genital organs. It is assumed that any neural lesion, either central or peripheral, may cause sensory deficit as a component, resulting in sexual dysfunction.
Diabetes mellitus (DM) is a systemic disease that is considered to play a principal role in the etiology of sexual dysfunction. The impact of neurogenic, psychogenic and vascular factors, usually combined, in the pathogenesis of related complications have been demonstrated in a large number of studies. [1] [2] [3] [4] [5] [6] Numerous medical researches have shown that, prevalence of sexual dysfunction in men as a consequence of the degenerative effects of diabetes on vascular and neurogenic structures ranges from 35 to 75%. 1, [7] [8] [9] [10] [11] [12] It has also been documented that the etiology of ED may be neurogenic in up to 82% of diabetic men. 1 However, sexual dysfunction in diabetic women at neurogenic factors has not been investigated in detail.
Several methods are being used to evaluate the sensory function including pressure, vibration or temperature, for the diagnosis of neurogenic disorders. At present, vibration perception tests have diagnostic value and are used in clinical and experimental researches. 7 Among the vibration perception tests, biothesiometry is a simple method for the assessment of the somatic sensory system. The purpose of this study is to evaluate the somatic sensory system in diabetic women and investigate the relation between sexual dysfunction and sensory system with biothesiometry.
Materials and methods
A total of 30 diabetic women (7 Type I, 23 Type II) with a mean age of 42.878.1 (range: 39-50) y, were enrolled in the study. Of these women, 20 were premenopausal and 10 were postmenopausal.
They were evaluated with a detailed medical and sexual history, including Index of Female Sexual Function (IFSF) questionnaire. 13 Control group consisted of 20 normal sexually active women with a mean age of 39.779.3 (range: 35-42) y, selected from the voluntary and healthy female hospital staff. All women enrolled to this study had a regular sexual male partner for at least 6 months while women with a neurological disorder were excluded.
A 9-item, self-administered Index of Female Sexual Function (IFSF), as previously described by Kaplan et al, 13 was used for assessment of sexual dysfunction, and a total of six domains as a sexual dysfunction symptom was analyzed. Briefly, specific domains analyzed in the IFSF included quality of sexual intercourse (questions 1 and 2), desire (questions 4 and 5), overall satisfaction with sexual function (questions 6 and 7), orgasm, lubrication and clitoral sensation. Specific questions analyzed the degree of lubrication (question 2), ability to achieve orgasm (question 8) and the degree of clitoral sensation (question 9), with responses graded on a scale of 1 (almost never or never) to 5 (almost always or always). A score of 0 indicated no attempt at intercourse and scores between 1 and 3 revealed the presence of related sexual dysfunction symptom. A total score of r30 IFSF, was considered to indicate sexual dysfunction, according to our previous study on healthy subjects. 14 All patients participated in our study were examined with the biothesiometer (PVC model, Biomedical Instruments, Newburry, OH, USA), in which the stimulus intensity can be controlled manually. Attached to the vibrator was a cylindrical acrylic head terminating in a rectangular shaped, concave plastic pad to facilitate stimulus presentation onto the surface of skin. The stimulated skin surface area was 300 mm 2 . The applied stimulus was adjusted at variable amplitudes. Duration of each stimulus was 500 ms with the frequency of 120 Hz, but the entire vibration was constant and continuous. During each procedure, the patient was prepared in a brightly room. For orientation, the vibration was applied first on spina iliaca anterior superior in order to teach the patient what type of sensation she needs to feel. As soon as the patient began to feel the stimulus, 14 extragenital sites (right and left nipple, upper and lower lip, lobulus of right and left ear, first and second fingers of right and left hands, first and second fingers of right and left feet) and nine genital sites (right and left labium majora, right and left labium minora, right and left side of clitoris, glans clitoris, superior and inferior introitus of vagina) were stimulated and the values on the biothesiometer were noted. The probe was touched as complete as possible to the sites with smaller surface areas. Each procedure was repeated three times and mean biothesiometric values were calculated before being taken into account.
To assess quality of care, the following investigations were performed: measurement of glycosylated hemoglobin A1 (HbA1c), using high-performance liquid chromatography (normal range: 4.4-5.9%), assessment of frequency of blood and urine glucose by self-monitoring and insulin dose adjustment per week by a standardized interview and control of the patient's log book 15 Height and body weight were assessed with the patients wearing light clothing without shoes and body mass index (BMI) was calculated.
The data were expressed as the mean7s.d. The presence of each symptom as well as the mean score for a related item and biothesiometric values were then compared in both groups using w 2 tests, Student's t-test and Mann-Whitney U-test, respectively. P-values of less than 0.05 were considered statistically significant. Pearson's correlation coefficient (r) was computed to investigate relation between total IFSF score and biothesiometric values and also each domain of IFSF and biothesiometric values of genital sites in diabetic women with or without female sexual dysfunction (FSD).
Results
Both diabetic and control groups were comparable in terms of mean ages and BMI. However, response to IFSF questionnaire did significantly differ for each domain in diabetes when compared to controls ( Table 1 ). The mean IFSF score of diabetic women was 23.678.9 (range: 15-38 y) while it was 38.374.1 (range: 34-43 y) in the control group (o0.0005). Briefly, the prevalence of each symptom was significantly higher and sexual desire and orgasmic function were most commonly affected domains in the diabetic group (Table 1) .
The IFSF score was found to be r30 in 55% of diabetic women and they were considered to have Somatic sensory system in diabetic women B Erol et al sexual dysfunction, while the total IFSF score in each women in the control group was 430. There was a statistical significant difference between biothesiometric values obtained from diabetic patients and normal healthy control subjects. (Tables 2 and 3 ). All biothesiometric values were similar and ranged between 5 and 7.8 (mean: 5.571.2) in controls. For each genital as well as extragenital sites, the mean biothesiometric values were significantly higher in diabetics compared with controls. The sensation of introitus vagina, followed by labium minora and clitoris were found to be most deteriorated genital sites in diabetics.
Biothesiometric values of genital sites were also abnormally high in both groups of diabetic women (IFSF score 430 (n: 14) and r30 (n: 16)) ( Table 4) . Correlation coefficient computed for biothesiometric values of genital sites in diabetic group did not reveal any significant correlation between IFSF score (ro(0.25)). When each domain of IFSF was examined for significant correlations with biothesiometric values of genital sites in diabetic women with or without FSD, in particular, sexual desire, clitoral sensation, vaginal lubrication and orgasmic ability, it was not found to have significant correlation.
The mean serum HbA1c levels in diabetic women with IFSF score o30 and 430 were 7.672.7 and 7.973.9%, respectively (P40.05). Neither serum HbA1c level nor menopausal state did effect the biothesiometric values in diabetic group (data not shown).
Discussion
Psychogenic as well as organic factors, such as vascular and neurogenic pathologies, are responsible for sexual dysfunction in diabetic women, as they are in men. Diabetes has shown to affect both sensory and autonomic nerve fibers. Although several clinic and experimental studies have investigated the autonomic system and its impact on sexual behavior in diabetics, changes in sensorial nerve function remain to be discovered in diabetic women with sexual dysfunction. Degenerative changes and fiber loss in unmyelinated nerve fibers and small myelinated nerve fibers occur earlier and more severely in diabetic neuropathy. 16 Impaired temperature, pain and touch sensations in extremities are prominent in relation with neurologic symptoms. On the other hand, large myeliniated sensory fibers are responsible for vibration sensation, and are also affected in the pathogenesis of diabetes.
In the context of FSD, we expect that dysfunction of large sensory fibers could affect the sensory modalities that are quite important for female sexual function. In general, several tests such as dorsal nerve-somatosensorial-evoked potential (DN-SEP), genital-evoked potential, Bulbocavernous Reflex Latency Time (BCRL) are being used 11, 17, 18 for the assessment of afferent and efferent pathway and sacral spinal cord. In this study, biothesiometry as a simple and easily reproducible test was used.
Sexual dysfunction can be regarded as a silent complication of diabetes mellitus. In our recent study based on history and IFSF questionnaire, sexual dysfunction was found in 51.3% of young, otherwise healthy, diabetic women.
14 Furthermore, 20 This testing is based on administration of quantified stimuli, usually of pressure, vibration or temperature, in a controlled way. 19 In our study, biothesiometry was used to induce vibratory stimulus to genital as well as extragenital sites and mean biothesiometric values for each site was calculated and compared with age-matched controls. Our data obtained are quite different from Vardi et al, 19 since our biothesiometry is hand used and normal values are different depending on the equipment (60 mm length and 30 mm diameter, 12.7 mm diameter for clitoral probe vs 300 mm 2 ). 19 Using the same method by, we previously evaluated the sensory system in diabetic men and sensation of radix penis was found to be most affected when compared with controls. 21 A major finding in our study was the pronounced attenuation of sensory system in diabetic women. Furthermore, assessment of sexual function of 30 diabetic women enrolled to this study, 14 of them revealed normal scores (IFSF score430). Although, biothesiometric values for genital and extragenital sites were significantly deteriorated, which indicates the impairment in somatic sensory system despite normal sexual function by history. In the remaining 16 (55%) patients with sexual dysfunction, who have no statistical difference for biothesiometric values in comparison with the former group, neurogenic as well as vascular and psychogenic factors, probably with combination may also be considered as a cause of sexual dysfunction. Our results obtained from the comparison of biothesiometric values of genital sites in diabetic women with or without FSD further supports this suggestion. Diabetic women with FSD should be evaluated with psychosexual counseling and Doppler ultrasonography of female genital organs such as clitoris, labia and vagina. 22 DM is a systemic disease affecting all parts of somatic sensory system. Therefore, with increasing the sites of the body evaluated with biothesiometry, we aimed to obtain more data about different sites such as nipple, lip, lobulus of ears, which might give us more effective results. Moreover, introitus vagina was the most affected genital site in the pathogenesis of DM, and this site was found to have significantly increased sensory threshold (o0.0001). Labium majora, labium minora, clitoris as well as vagina were other genital sites affected by DM.
During sexual intercourse, vibration moment of penis within the vagina is of crucial importance and thus deficiency in vibration sensation as observed as a consequence of diabetes may significantly contribute to the etiology of sexual dysfunction in women. Degeneration of large myelinated fibers, most commonly localized on the vaginal wall, may partly explain deteriorated vaginal vibration, although further histological studies are needed to support this hypothesis.
Clitoris is innervated by the pelvic, pudendal and hypogastric nerves, and it is well connected to spinal cord segments (L5-S1, T12-L4, S2-S4), as well as to the central nervous system. 23 Somatic sensory pathways originate from the clitoral skin. There exists a dense collection of Pacinian corpuscles innervated by rapidly adapting myelinated afferents, as well as Meisner's corpuscles, Merckel tactile discs and free nerve endings. These sensory afferents pass from the dorsal clitoral nerve to the pudendal nerve. [24] [25] [26] [27] [28] [29] [30] This suggests a multisynaptic circuit of neurons involved in clitoral function and these can be easily affected in diabetes as a consequence.
Conclusion
Genital and extragenital somatic sensory systems are affected by diabetes mellitus. However, no relation could be demonstrated between genital somatic sensory neuropathy and sexual function, assessed with IFSF and biothesiometry in the diabetic women. Therefore neurogenic, vasculogenic and psychogenic factors can be regarded to collaborate in the pathogenesis of sexual dysfunction in diabetes.
